Dispersal and habitat selection are the main factors that affect the distribution of species in spatially structured habitat. Species typically occurring in an aggregated way are supposed to experience dispersal limitation or to be highly selective for specific habitat attributes in their environment. In order to understand the distribution pattern of a mygalomorph spider species, Atypus affinis, we conducted an intensive survey to detect correlations of spider densities with specific habitat variables and empirically tested the dispersal propensity of spiderlings. In the field, the spiders exhibited an aggregated distribution correlated with patches of heathlands (dominated by Calluna vulgaris). Contrary to our expectations, laboratory experiments revealed a very high dispersal propensity in juveniles (more than 80% of individuals dispersed at least once during two experiments). This dispersal was strongly context dependent with a pronounced negative effect of starvation and a positive effect of clutch size. Kin competition is hypothezised to be the driving force behind these high dispersal abilities. The aggregation of A. affinis is a likely result of habitat use rather than dispersal limitation.
Introduction
Dispersal has important ecological and evolutionary consequences for organisms living in spatially structured populations (Kokko and López-Sepulcre, 2006) . As an example, dispersal propensity and dispersal distance determine gene-flow and may strongly interfere with, and often constrain, processes of local adaptation and trait polymorphism in natural landscapes (Lenormand, 2002; Billiard and Lenormand, 2005; Garant et al., 2007) . Therefore, dispersal plays a crucial role in the context of habitat fragmentation and should be considered as an integrated process, encompassing dispersal propensity as well as transfer and settlement. Because settlement encompasses movement and habitat selection processes, it eventually reflects an individual's effective displacement distance (Bowler and Benton, 2005) . Although the evolution of dispersal distance has received little attention, the available studies (Hovestadt et al., 2001; Murrell et al., 2002; Rousset and Gandon, 2002; Bonte et al., 2010) demonstrate that mechanisms acting on the proportion of emigrating individuals may also affect the evolution of dispersal distance.
Both plants (e.g. several Asteracea: Soons and Heil, 2002; Soons et al., 2005) and animals (e.g. spiders see Bonte et al., 2006 ; butterflies see Stevens et al., 2010 for a review) may show among-population variations in dispersal modes that are functionally linked to differences in dispersal distance due to variation in populationand landscape related costs (for an in depth discussion: see Bonte et al., in press ). Often, spiders that do not build webs for foraging travel short-distances by walking (e.g. cursorial movements in Lycosidae: Bonte et al., 2003a; Samu et al., 2003) . Many spiders are able to undertake long-range dispersal by air with the help of a silk thread (for an overview: see Bell et al., 2005) . This technique is better known as ballooning. Spiders become airborne producing silk lines from an exposed place (eventually with their abdomen, so-called tiptoe behavior). In mygalomorph spiders, ballooning is initiated by dropping themselves attached to the silk line prior to the moment when a light breeze catches the silk thread and breaks the line (Coyle, 1983 (Coyle, , 1985 . Unusually hot and calm (max 3 m/s) days after a cold night are considered ideal ballooning days because thermal convection (existence of thermal upwinds) is supposed to be optimal under these conditions (Bell et al., 2005) . Mygalomorphs usually disperse over short distances on land (a few meters away) by walking (e.g. Decae, 1987; Reichling, 2000) .
Dispersal may shape spatial distribution patterns, i.e. long distance dispersal, like ballooning, result in random patterns and short distance dispersal result in more aggregated distribution patterns (modeling by Bonte et al., 2010) . Long and short-range dispersal modes are characterized by different cost-benefit ratios due to evolutionary and environmental constrains (Bonte et al., 2006; Ronce, 2007) . Bonte et al. (2010) showed theoretically that long distance dispersal (i.e. dispersal beyond the bounds of the local habitat cluster) is most advantageous in landscapes with high habitat availability. It is also ideally selected to reduce kin competition (Hamilton and May, 1977; Hovestadt et al., 2001) .
Dispersal is, however, not a fixed trait; dispersal propensity can be enhanced or reduced by body condition (Bonte et al., 2008a; Bonte and de la Peña, 2009) , and also be strongly context (Clobert et al., 2009 ) and sex (De Meester and Bonte, 2010) dependent. Habitat selection -the disproportional use of certain resources compared to the resources available -can be seen as the termination of the entire dispersal process (Mayor et al., 2007) . A high dispersal ability will result in a higher habitat occupancy (Bonte et al., 2004) , and the occurrence of the species in an unsuitable habitat due to immigration from nearby areas (Pulliam, 2000) . Dispersal and habitat selection are in consequence two important ecological factors that influence the persistence of populations in fragmented and disturbed environments (Clobert et al., 2009) .
Our study aimed to investigate potential mechanisms responsible for the spatial distribution of a small West-European mygalomorph, Atypus affinis Eichwald, 1830, through an intensive field survey determining habitat use, and laboratory experiments measuring changing dispersal propensity with starvation. Based upon previous studies of this species (Kraus and Baur, 1974; Řezáč et al., 2007) , we expected to find an aggregated distribution in A. affinis. Two alternative, non exclusive, mechanisms for such a distribution are expected: a strong habitat selection and a limited dispersal. Habitat selection was not directly quantified in this study but instead estimated by the preferential use, i.e. the correlation between certain habitat variables and densities of A. affinis. Despite its affiliation with stable, undisturbed forest and heathland habitats, Atypus species are reported to possibly balloon (e.g. Enock, 1885; Bristowe, 1939) , and generally ballooning frequencies may be even high if kin competition is strong (Hamilton and May, 1968) . We also investigated to which extent dispersal is condition/phenotype dependent and consistent during repeated testing while spiderlings are food-deprived. We therefore measured the correlations of dispersal frequency with starvation duration, clutch size (i.e. densities of spiderlings in the maternal burrow) and differences in mortality rate or weight.
Material and methods

Study species
Atypus affinis is a small (up to 15 mm in females and up to 9 mm in males: Roberts, 1998 ) mygalomorph spider occurring throughout Europe. According toŘezáč et al. (2007) , it prefers an open deciduous forest with a shrub layer of Calluna vulgaris (Ericaceae) but is found in a variety of habitats, including coniferous forests (Kraus and Baur, 1974; Canard, 1986; De Gruyter and Verbist, 2005; Řezáč et al., 2007) and grasslands (Meijer, 1987) . Atypus affinis lives in a web-lined burrow with only a small part of the web extending above ground. Females lay their eggs between July and September and the hatching spiderlings remain with the mother until the juveniles leave the maternal burrow in the following spring. After that, a spider requires at least other four years to reach maturity. After site selection, adult females never leave their burrow again (up to eight years); when males become adult (in the autumn of their 4th year) they leave their burrow to search for females. After the mating, the male normally dies (Canard, 1984) .
Field survey: habitat use and local distribution
The research area is the "Kite Australian plantation" and is located in Bergen-opZoom (the Netherlands). It is mainly a coniferous forest on a sandy soil, occasionally interrupted by patches of heathlands with a total area of 76 hectares. We divided the main area (51.471°N, 04.340°E (WGS 84)) into 1 200 × 200 m large plot and 7 20 × 20 m 2 subplots. Within this area, we sampled a total of 193 quadrats (1 m 2 ) during the summer of 2009 (including 120 quadrats in the main plot), which were randomly-located within subplots and evenly distributed among subplots. The following parameters were recorded or measured: the spatial coordinates of the quadrat (by manual GPS), habitat type (i.e. heathland or forest), distance to the forest edge (measured by from aerial photographs using GIS), the percentage cover of the heath Calluna vulgaris, grasses, mosses, detritus and open ground (by visual estimation), and the diameter of the entrance of the burrow (measured with a digital caliper and used as an estimate of spider age: e.g. laboratory breeding of Atypus affinis performed by Canard, 1984) .
Dispersal assays
We found six nests (burrows with juveniles) by chance in November 2009. We separated the juveniles from their mother and counted the number of offspring per mother for future analyses (covariates of dispersal). All offspring from each burrow were kept in a plastic container with high humidity (no mortality recorded between the collection and the beginning of the experiments). Dispersal propensity was assessed by the pre-dispersal behavior displayed under favorable conditions for ballooning, i.e. the sequential climbing and dropping, and an actual take off movement. Spiders were placed on a platform with five vertical sticks. Two fans created wind currents at an angle of 25°and a wind speed between 1.5 and 2.5 m/s (data used in earlier work and recommended by Van Wingerden and Vughts, 1974;  fig. 1 ). For each dispersal assay, one group of 10 randomly selected individuals per mother was tested. After each assay, we measured the fresh mass of individuals. A first pre-experiment allowed us to distinguish two dispersal phenotypes, referred further to as residents and dispersers, depending on their willingness to disperse aerially. In subsequent experiments, we analyzed how this phenotype affected future dispersal decisions. Because we could not test all spiders after the same period of starving, we recorded duration of starvation for each set of tested spiders (repeated assays on groups from the same mother). 
Statistical analyses
Data on habitat use were analyzed for the density, presence of the species and age structure using a generalized linear mixed model (GLMM) with the coordinates as a random variable (to control for spatial autocorrelation) for testing the effect of C. vulgaris, moss, detritus and bare soil percentages in the quadrat (independent habitat variables). For the significant factors, we additionally performed a correlation test to determine the amount of explained variation. χ 2 test was used for determining the type of distribution, its values indicates the type of distribution (i.e. aggregated, random or regular). The diameter of the burrow was used as a proxy of size (and then age) of A. affinis and analyses carried out for total densities and densities per age class.
Results on ballooning frequency in relation to starvation duration, clutch size and the ballooning phenotype were analyzed with a general or generalized linear mixed model depending on the binomial error structure. Dispersal phenotype, clutch size and starvation duration were modeled as independent factors. The random variables were the clutch ID, clutch ID * starvation duration, clutch ID * dispersal phenotype and other two-way interactions. Test group was added as a repeated measure factor.
Results
Habitat use
A total of 443 burrows of A. affinis were found. The species occurred in an aggregated way, resulting in a statistical over-dispersion of the number of burrows/quadrat (χ 2 /df = 7.20; fig. 2 ). According to the GLMM, there was only a positive correlation of the cover of C. vulgaris in the quadrat with both the presence and density of A. affinis. The correlation was highly significant (even after correct- ing for multiple comparisons: P < 0.001) and explained in all cases (except for medium-sized individuals; table 1) more than 30% of the variation in density.
Dispersal propensity
51.7% (SE = 15.5%) juveniles dispersed during the first experiment); a total 66.3% (SE = 19%) dispersed during the second experiment, after the first segregation according to dispersal phenotype. The ballooning frequency was positively correlated with the clutch size but negatively correlated with starvation duration, but the interaction between these two factors was not significant (table 2). The dispersers from the first experiments dispersed less in subsequent experiments compared to the residents (significant interaction between phenotype and duration in table 2; fig. 3 ). Mortality during the whole experiment was low and not significantly different between phenotypes (resp. 5.3 and 6.1 percent in ballooning and non-ballooning phenotypes F 1,392 = 0.03, P = 0.86). Dispersers had the same mass as residents (mean = 1.01 mg, SE = 0.018 mg). After two experiments, 84% of the juveniles (n total = 1095) had dispersed at least once.
Discussion
As hypothesized, we demonstrated that A. affinis had an aggregative distribution in a heathland forest complex, and also that juveniles display a high dispersal propensity. These last results are opposed to the suggestions of Coyle (1983) , i.e. mygalomorphs with a high ballooning frequency have a random distribution. Although A. affinis occurred at different densities in nearly all investigated habitats, the analysis revealed a strong correlation with C. vulgaris cover (a heathland dominating plant species). The aggregated distribution cannot be explained by limited dispersal, and neither by other group-living benefits as recorded in social species that share webs and/or forage in groups (Decae et al., 1982) . Habitat use is consequently the most likely mechanism explaining the species' aggregated distribution. Because the pattern was already clear in young individuals (the smallest cohort), differential survival during development cannot be regarded as an alternative possibility. More than 80% A. affinis juveniles dispersed at least once during the experiments. This is a very high ballooning frequency, equal to or above that of some Predicted (large diamonds) and real (small diamonds) dispersal propensity (% of individuals) along starvation duration (in days). Two dispersal phenotypes were distinguished: dispersers (spiders that dispersed during the first experiment) and residents (spiders that did not disperse during the first experiment). This figure is published in colour in the online version.
aeronaut spiders (Bonte et al., 2003b) . The weight of dispersive individuals was comparable to measurements made in most araneomorph ballooners, i.e. below 2 mg Greenstone et al., 1987) . Three kinds of mechanisms are known to favor the evolution of increased dispersal rates: kin competition (e.g. Hamilton and May, 1977) , inbreeding avoidance (e.g. Waser et al., 1986; Gandon, 1999) and environmental stochasticity in space and time (e.g. Friedenberg, 2003; Poethke et al., 2003) . Evidently, these benefits are balanced by intrinsic or landscape-related dispersal costs (e.g. McPeek and Holt, 1992; Heino and Hanski, 2001; Poethke and Hovestadt, 2002; Poethke et al., 2003) . Our obtained results are counter-intuitive because a reduced dispersion is expected in stable habitats (Greenstone, 1982; Clobert et al., 2001; Bach et al., 2006; Bonte and de la Peña, 2009) . In future studies, the ballooning rates and distances in A. affinis should yet be assessed in the field as the realized ballooning could be lower than expected due to environmental constraints (absence of thermal upwinds in forests) or/and a difference between (pre-) dispersal behavior and an effective transport (Bristowe, 1985; Thorbek et al., 2002) . Density-dependent emigration is a flexible strategy based on information from local density (Clobert et al., 2009) , and representing the best balance between costs (dispersal per se; risk of reaching an unsuitable habitat and dying) and benefits (relieving kin competition). High dispersal is then the optimal strategy when competition is the main driver to disperse because competition rises when the density increases (Hovestadt et al., 2001) . Given the large proportion of dispersive individuals within clutches, it is likely, although not certain, that both sexes dispersed, invalidating a possible mechanism of inbreeding avoidance (then only one sex is expected to disperse which would yield a 50% dispersal rate).
In accordance with earlier work on natal dispersal in wolf spiders (e.g. Bonte et al., 2007) , limited natal dispersal and the high reproductive output that induce competition among developing offspring induces strong kin competition. Kin competition is thus in consequence the most likely driver of the measured rates of dispersal, mainly because young stay in the burrow and compete for food brought by their mother. According to theory (Hamilton and May, 1977) , long-distance dispersal is actually the best way to release kin competition, certainly if small spiderlings are not able to move far by short distance dispersal methods like walking (which can be expected given their small size). In A. affinis, strong kin competition may result from a high fecundity (Canard, 1984) and from the fact that young stay within the burrows for at least three instars. We did not find any effect of body condition, but instead apparent effects of the social context (clutch size) and starvation duration. As expected from theoretical and empirical evidence Clobert et al., 2001) , ballooning was positively correlated with the clutch size during the experiments. The proportion of dispersal also decreased throughout time. As starvation is known to be a main driver of dispersal in most araneomorphs (e.g. Bonte et al., 2008a) , this result is quite opposite to what is commonly found, although lower dispersal may be equally age related in our experiment.
In conclusion, we document here high potential dispersal rates in a burrowing mygalomorph. These results are very similar to other species living in stable habitats (e.g. the burrowing lycosids Geolycosa spp : Miller, 1984) . We propose kin competition to be the driver of such dispersal. Not dispersal limitation, but rather habitat use is therefore hypothesized to shape the species' aggregated distribution.
